S
hunt infection is one of the most frustrating complications in cases with CSF shunt therapy, especially in pediatric patients. Most shunt infection occurs within 2 months of surgery and the infection rate in recent studies is typically 5% to 12%. [4] [5] [6] [7] 9, 15 Staphylococcal species account for more than 50% of shunt infections, indicating significant bacterial contamination of the operative field, resulting in shunt infection. [10] [11] [12] 16, 19 To reduce the chance of bacterial contact with CSF and shunt material, several practices such as the "no-touch" technique and intraoperative double-gloving strategies have been performed with excellent results. 7, 12, 18 Optimizing the operative environment was also reported to be important. 4, 11 But it is not easy for a center without this expertise to perform these methods. We have tried a new approach to reduce the risks for bacterial contamination by washing out bacteria that come into contact with the surgical wound and shunt material with liquid saline, whereas the main purpose of other protocols was reducing the chance of bacterial contact. This procedure has been tested in a prospective nonrandomized controlled manner. Object. The rate of infection following shunt procedures is unacceptably high. The authors have hypothesized that the key to reducing the shunt infection rate is in reducing bacteria in the operating field and wound. This hypothesis has been tested in a prospective nonrandomized controlled manner.
Methods
Methods. Data obtained in all patients undergoing shunt insertions or revisions for hydrocephalus performed between October 1, 2003, and June 12, 2009, were reviewed. Starting in August 2006, we began routinely irrigating the operating field and wound with saline solution from a syringe. Prior to this, we had not used any irrigation techniques, providing an adequate control group (Group A) for the effect of the irrigation technique. Prior to November 2007, we used saline containing amikacin for irrigation (Group B). After that date, we used saline only for irrigation (Group C).
Results. A total of 150 shunt procedures were performed in 79 girls and 71 boys during the study period. The mean age of all patients was 44.0 ± 59.1 months. Groups A, B, and C comprised 61, 40, and 49 shunt procedures, respectively. There was no statistical difference in age among the 3 groups. Nine infections occurred within 90 days in the postoperative period. The overall infection rate was 6.0%. Eight infections occurred before introducing the irrigation procedure (infection rate 13.1%). One infection was noted after introducing irrigation (Group B [0.0%] + Group C [2.0%]; combined B and C infection rate = 1.1%). There was a statistical difference in the infection rate between Group A and Groups B and C combined (p = 0.003), Groups A and B (p = 0.021), and Groups A and C (p = 0.035). In contrast, no statistical difference was observed between Groups B and C (p > 0.99). Six of the 9 infections were due to staphylococcal species.
Conclusions. An irrigation technique used to reduce bacteria in the operating field and wound is effective for preventing shunt infection. Irrigation alone, and not antibiotics, contributed to the prophylaxis of shunt infection. irrigating the operating wound with saline containing amikacin (100 mg of amikacin with 500 ml sterile saline, which is used routinely in neurosurgical operations at our hospital) was routinely performed (Group B). Prior to using the new irrigation procedure, we had not used any irrigation techniques, providing an adequate control group (Group A) for the effect of the irrigation technique. After November 2007, we changed the irrigating liquid from amikacin containing saline to saline alone (Group C). We used a 20 ml syringe with an 18-gauge intravenous catheter for irrigation. We irrigated every wound with a jet of solution from the syringe when we incised and closed the skin and implanted shunt material, with at least 60 ml of saline for every wound. Aside from the irrigation procedure, all procedures were conducted using precisely the same protocol, which included the administration of prophylactic antibiotic agents (cefazolin 40-60 mg/kg/day administered prior to skin incision and continued postoperatively for 3 days), and head shaving around the skin incision immediately before the operation. There were no special considerations with regard to the surgery suite, time of day at which the operation was performed, or surgery personnel. Resident staff and medical students freely participated in these cases. These data were collected prospectively using a database that tracks surgical outcomes. The patients treated prior to October 2006 served as the control group for the effect of adding the irrigation method. The patients treated after November 2007 served as the control group for the effect of adding amikacin to the saline irrigating liquid.
Outcome Measures
The primary outcome measure was the incidence of shunt infection causing meningitis, peritonitis, or other distal terminus infection within 90 days of surgery. Infection was defined as the presence of positive CSF-or catheter-based cultures in conjunction with at least 1 clinical component of infection (headache, meningitis, peritonitis, fever, elevated peripheral leukocyte count, elevated C-reactive protein). In all patients with signs and/or symptoms suggestive of shunt infection, CSF samples were acquired for workup. A diagnosis of shunt infection was also made if any of the following were present: 1) a CSF white blood cell count > 40/mm 3 ; 2) obvious cellulites at the operative site; or 3) exposure of the shunt hardware through an open incision, or any combination thereof. A wound breakdown was considered to be a sign of infection. Cases involving recurrent idiopathic peritoneal occlusions, with or without pseudocyst formation and with or without positive cultures, were also considered to represent infection. All patients were followed up by the outpatient ward postoperatively to rule out a delayed-onset infection.
Data Analysis
The primary data analysis consisted of comparing the number of operative procedures resulting in a postoperative infection with the number of operations without infection in each of the groups. Intergroup comparisons were made using the Fisher exact test with significance established as p < 0.05.
Result
A total of 150 shunt procedures were performed in 79 girls and 71 boys during the study period (Table 1) . Some patients who received revisions were included more than once in the trial. The mean age ± SD of all patients was 44.0 ± 59.1 months. The 150 shunt procedures consisted of 118 shunt insertions, 10 revisions of the shunt device, 16 revisions of the ventricular catheter, 4 revisions of the peritoneal catheter, and 2 revisions of the arterial catheter. Because our hospital was founded in October 2003, the ratio of revisions to insertions is low (1:3.7) .
In Group A, a total of 61 shunt procedures were performed. In this group there were 47 shunt insertions and 14 revisions of the shunt, after a range of 10 days to 20 years. The mean patient age in this group was 50.6 ± 63.6 months (median 17 months). In Group B, 40 shunt procedures were performed, consisting of 32 shunt insertions and 8 revisions of the shunt, after a range of 1 month to 14 years. The mean age of the patients in this group was 44.6 ± 59.5 months (median 12 months). In Group C, 49 shunt procedures were performed, including 39 shunt insertions and 10 shunt revisions. The range for these procedures was 20 days to 22 years, and the mean patient age was 36.4 ± 54.3 months (median 12 months). There was no statistical difference in age distribution among the 3 groups (Group A vs Group B: p = 0.68; Group A vs Group C: p = 0.24; Group B vs Group C: p = 0.52).
Nine infections occurred during the defined postoperative period (overall infection rate 6.0%; Table 1 ). Of these infections, 8 were shunt insertions and 1 was revision of the shunt device. Before using the irrigation technique to reduce infections (Group A), 8 infections occurred (infection rate 13.1%). One infection was observed after adjusting procedures to use the irrigation technique (infection rate 1.1%). Group C showed 1 shunt infection, whereas no shunt infections were noted in Group B.
There was a statistically significant difference in the rate of infection between Groups A and B (p = 0.021), Groups A and C (p = 0.035), and between Group A and Groups B and C combined (p = 0.003). On the other hand, a significant difference was not observed between the 2 groups in which irrigation was used (Groups B and C; p > 0.99). Staphylococcal species were the most common pathogens, accounting for 66.7% (6 of 9) of shunt infections. Of the 6 Staphylococcus infections, 5 were methicillinresistant S. epidermidis, and 1 was methicillin-resistant S. aureus (Table 2 ). Five infections were diagnosed within 10 days. The symptoms of infection were meningitis in 4, catheter infection in 3, distal catheter occlusion in 1, and peritonitis in 1. The patient who showed shunt infection in Group C was a 4-month-old girl who was born prematurely at the 24th week of gestation at a weight of 696 grams. She had undergone Ommaya reservoir implantation on the 48th day after birth.
Discussion
Despite many efforts to reduce infection rates associated with shunt procedures, shunt infection rates of 7-12% are still commonly reported in contemporary studies. 17 Infection rates < 5% are considered to be excellent and may be attained only by specialized hydrocephalus centers. Although generally accepted risk factors associated with shunt infection include young age (especially at a premature state), a recent history of external ventricular drainage, and postoperative CSF leakage, 12 Simon et al. 17 demonstrated that the hospital and the surgeon contribute to the wide variation in CSF shunt infection rates. There is general agreement that intraoperative contamination is the cause of most shunt infections. Shunt infection results from intraoperative colonization of shunt components by microorganisms of skin flora, and the main recognized source of contamination is the surgical manipulation. Thus, differences in surgical procedures that vary among hospitals or surgeons contribute somewhat to the infection rate. Many reports have focused on the operative technique aimed at reducing bacterial contamination during the shunt operation. To reduce the chances of bacterial contact with CSF and shunt material, several practices such as the "no-touch" technique and intraoperative double-gloving strategy have been performed and showed excellent results. 7,12,18 Pirotte et al. 14 suggested that these techniques appear to drastically reduce the contact and exposure to the air of the CSF and the inner surface of the shunt. Their infection rate was reduced from 17% to 0% after introduction of a uniform and drastic sterile surgical technique. Optimizing the operative environment as much as possible was also reported to be important. 4, 11 But these techniques require specific skills, and some protocols were not always easy to perform at a center without this expertise.
Our approach is to reduce contamination by washing with liquid saline to remove any bacteria that come into contact with the surgical wound and shunt material during the operation, whereas the main purpose of other protocols was to reduce the chance of bacterial contact. We consider our technique to be an efficient procedure for reducing local bacterial contamination. The irrigation also washes out CSF and blood clots that are considered to be an excellent growth medium for bacteria. There have been some reports in which saline wound irrigation diminished the infection rate by means of significant reduction of the bacterial inoculum present at the time of skin closure. 2, 3, 13 A previous report also demonstrated the effectiveness of irrigation with amikacin containing saline for preventing shunt infection. 10 Considering that our study proved that there is no statistical difference in infection rates between irrigation with amikacin containing saline and irrigation with saline only, it appears that it is the physical irrigation itself and not the antibiotics that play an essential role for preventing shunt infection. We achieved the infection rate of 1.1% after introducing the irrigation strategy, whereas the infection rate prior to using saline irrigation was 13.1%. This new procedure has no complex steps or requirements; it consists simply of using saline irrigation. Although various other strategies have been reported to be effective against shunt infection, none has proven to be consistently effective, easy to perform, and low in cost. Although the design of the present study is flawed because the data were collected in nonrandomized fashion, and the number of patients was relatively small, the effectiveness of saline irrigation was demonstrated and found to differ significantly between groups. It appears unlikely that some unconscious bias, or other silent factor, accounts for the differences observed in this study, because no other changes were made to our standard practice, and the study was a nonrandomized prospective study. However, a significant observer bias may be present because making a diagnosis of shunt infection requires a physician's input. Further investigation with larger numbers of patients in cooperation with specialized hydrocephalus centers will settle this important issue. We should also note that shunt infection is not always caused by bacterial contamination during operative procedures. Considering that 1 shunt infection after induction of the irrigation technique was caused by Enterococcus (which is scarcely included in normal skin flora), and that continuous ventricular drainage is reported to be one of the risk factors for shunt infection, preexisting contamination could be one of the causes of shunt infection. Reducing bacterial contamination should not be enough to prevent shunt infection completely.
Although not yet in widespread use, antibiotic-impregnated shunt systems have been introduced. 1, 8 They are believed to reduce the proliferation of implanted bacteria. The combination of intraventricular and systemic antibiotic agents is also reported to show a significant effect on shunt infection. 16 It is presumed that intraventricular antibiotic therapy extends prophylactic antibiotic coverage into the CSF and prevents bacterial seeding. These are prophylactic treatments for preexisting bacterial contamination and the underlying sources of that contamination. Further study is also needed for shunt infections not caused by bacterial contamination during surgical procedures.
Conclusions
Irrigating surgical wounds with saline to reduce local bacteria is considered to be an effective procedure for preventing shunt infection. Further study in a larger number of patients is needed for shunt infections not caused by bacterial contamination during the operation.
